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7KLVPRGHOLVXVHGDVDWRROIRULQGXVWULDOKHULWDJHUHVHDUFKDQGLWDOVRVHUYHVDVDQHIIHFWLYHFRPPXQLFDWLRQDQGHGXFDWLRQDO
LQVWUXPHQWWKURXJKRXWWKHDFWLYHGHYHORSPHQWSURFHVV7KHUHVXOWVFRQILUPWKDWWKURXJKWKHLQWHUGLVFLSOLQDU\FROODERUDWLRQLQWKH
SURFHVVRIFUHDWLQJYLUWXDOUHDOLW\SUHVHQWDWLRQLWLVSRVVLEOHQRWRQO\HIILFLHQWO\OHDUQDERXWWKHLQGXVWULDOKHULWDJHEXWDOVRH[SORUH
QHZVFLHQWLILFYDOXHVDQGRSWLRQVRIDUFKLWHFWXUDOGHVLJQLQJDWWKHVDPHWLPH
,QWURGXFWLRQ

,QGXVWULDOKHULWDJHFRQVLVWVRI WKH UHPDLQVRI LQGXVWULDOFXOWXUHZKLFKDUHRIKLVWRULFDO WHFKQRORJLFDO VRFLDO
DUFKLWHFWXUDORUVFLHQWLILFYDOXH7KHVHUHPDLQVFRQVLVWRIEXLOGLQJVDQGPDFKLQHU\ZRUNVKRSVPLOOVDQGIDFWRULHV
PLQHVDQGVLWHVIRUSURFHVVLQJDQGUHILQLQJZDUHKRXVHVDQGVWRUHVSODFHVZKHUHHQHUJ\LVJHQHUDWHGWUDQVPLWWHG
DQGXVHGWUDQVSRUWDQGDOOLWVLQIUDVWUXFWXUHDVZHOODVSODFHVXVHGIRUVRFLDODFWLYLWLHVUHODWHGWRLQGXVWU\VXFKDV
KRXVLQJ UHOLJLRXV ZRUVKLS RU HGXFDWLRQ >@ 7KH 1L]KQLM 7DJLO &KDUWHU IRU WKH ,QGXVWULDO +HULWDJH  7,&&,+
&RQJUHVV,QWKH:RUOG2UJDQLVDWLRQ7,&&,+WKHDUHDEducation & ResearchKDVEHHQFRQVLGHUHGDVFUXFLDO
IRUDORQJWLPH,WLVDSSDUHQWWKDWWKHODFNRIDQLQWHUGLVFLSOLQDU\UHVHDUFKLQWKHSURMHFWGRFXPHQWDWLRQUHVXOWVWRWKH
QRQFRPSOH[VROXWLRQVDQGORZTXDOLW\OHYHORIGHYHORSPHQWZLWKORZHGXFDWLRQDOVHQVHIRUYLVLWRUV

'HILQLWLRQRIWKHPXOWLFULWHULDSUREOHPDQGPHWKRGRORJ\
,QGXVWULDO KHULWDJH UHSUHVHQWV D FRQVLGHUDEOH TXDOLWDWLYH DQG TXDQWLWDWLYH HFRQRPLF SRWHQWLDO IRU IXWXUH
GHYHORSPHQW,QWKLVFRQWH[WDUFKLWHFWVRIWHQILQGWKHPVHOYHVLQWKHUROHRIPHGLDWRUVEHWZHHQLQYHVWRUVVFLHQWLILF
FRPPXQLW\ PRQXPHQW SUHVHUYDWLRQ DQG JHQHUDO SXEOLF $Q DFWLYH FRRSHUDWLRQ DQG LQWHUDFWLRQ EHWZHHQ WKHP LV
ODFNLQJ7KDWFDXVHVFRQIXVLRQPLVXQGHUVWDQGLQJDQGQHJDWLYHDWWLWXGHWRZDUGVHDFKRWKHU7KHUHVXOWRIDUFKLWHFWXUDO
DFWLYLW\LQDFWLYLW\LVFUXFLDOQRWRQO\LQWHUPVRIGHVLJQEXWDOVRKDVDVLJQLILFDQWLPSDFWRQWKHRSSRUWXQLWLHVRI
HGXFDWLRQDQGUDLVLQJDZDUHQHVV7KLVKDSSHQVGXULQJWKHZKROHSURFHVVRIFDUHRILQGXVWULDOKHULWDJH,QWKHJLYHQ
FLUFXPVWDQFHVWKHWUDQVIHURIWKHUHVHDUFKUHVXOWVIURPIXWXULVWLFGLVFLSOLQHVUHTXLUHVPRUHGHWDLOHGDWWHQWLRQ
,QKDQGOLQJSURFHVVHVRILQGXVWULDOKHULWDJHDUFKLWHFWVDUHDOVRQRWFRQIURQWHGZLWKSUREOHPVWKDWDUHLQGHSHQGHQW
RIHDFKRWKHUEXWZLWKG\QDPLFFRPSOH[V\VWHPVRIFKDQJLQJSUREOHPVWKDW LQWHUDFWZLWKHDFKRWKHU,W LVFOHDUO\
YLVLEOH DQG VXPPDUL]HG E\0XQLFLSDO %XLOGLQJ &RPPLVVLRQ 8WUHFKW  1HWKHUODQG V LQ WKHLU 7KHVLV RI
0RQXPHQWVYV7RZQSODQQLQJ>@
 1RWRQO\EXLOGLQJVDUHPRQXPHQWV
 $EXLOGLQJLVDPRQXPHQWLQUHODWLRQZLWKLWVHQYLURQPHQW
 $PRQXPHQWLVSDUWRIDOLYLQJDQGFRQWLQXDOO\FKDQJLQJVRFLHW\
 1RWRQO\SURWHFWHGPRQXPHQWVDUHZRUWKNHHSLQJ
 5HVSHFWLQJ&XOWXUDO+LVWRU\LVQRWSRVVLEOHZLWKRXWSXEOLFVXSSRUW
 7KHFXOWXUDOKHULWDJHLVWRRYXOQHUDEOHWREHGHSHQGHQWRQWKHTXHVWLRQRIFRPSHWHQFH
 /RVLQJWKHKLVWRULFDOFRQWH[WLQFDVHRIWRZQSODQQLQJLVJHQHUDOO\QRWWKHXQZLOOLQJQHVVRIWKHSODQQHU
 EXWDODFNRINQRZOHGJH

7KHFDVHVWXG\5HFRQVWUXFWLRQRIROG3RZHU3ODQW3LHVWDQ\LVDQH[DPSOHRILQWHUGLVFLSOLQDU\SDUWQHUVKLSVHWXS
LQHYHU\GD\ZRUNLQRUGHUWRLQWHJUDWHDQGLPSOHPHQWHGXFDWLRQDOSRO\JRQLQWRSUDFWLFHZLWKLQWKHH[LVWLQJVWUXFWXUH
RI WKH UHVWRUDWLRQ SURFHVV (GXFDWLRQ SRO\JRQ FKDUDFWHUL]HV WKH LQWHUGLVFLSOLQDU\ WHDPZRUN DW D KLJK OHYHOZKHUH
DUFKLWHFWVDQGVHYHUDOLQGLYLGXDOVFRXOGXVHYLUWXDOUHDOLW\WHFKQRORJ\WRH[FHHGWKHOLPLWVRIWKHLUVSHFLDOL]DWLRQLQ
RUGHUWRVROYHSDUWLDOSUREOHPRIHIIHFWLYHWRROIRULQGXVWULDOKHULWDJHHGXFDWLRQ>@

'HILQLWLRQRI05$595DQGDSSOLFDWLRQIRULQGXVWULDOKHULWDJHSUHVHQWDWLRQ

,Q RUGHU WR FODULI\ WHUPV LQ WKLV DUWLFOH LW LV XVHIXO WR LQWURGXFH GHILQLWLRQV RI 9LUWXDO 5HDOLW\ 95 >@ DQG
$XJPHQWHG5HDOLW\$5>@WKDWDUHERWKSDUWRIWKHJURXSFDOOHG0L[HG5HDOLW\050L[HG5HDOLW\LVDWHUPXVHG
WRFRYHUDOOFRQFHSWVRIUHDOLW\DVVKRZQLQWKHFODVVLILFDWLRQRI05WHFKQRORJLHVLQWKHILJXUH'LVSOD\HGW\SHVRI
UHDOLWLHVGLIIHUDFFRUGLQJWRGHJUHHRIUHDOLW\RQWKHOHIWVLGHWKHUHLV5HDOUHDOLW\ZLWKWKHKLJKHVWGHJUHHRIUHDOLW\


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
)LJ2UGHURIUHDOLW\FRQFHSWVUDQJLQJIURPUHDOLW\WRYLUWXDOLW\>@
2QWKHRWKHUVLGHRIWKHVFRSHLVSODFHG95ZKLFKFRXOGEHXQGHUVWRRGDVFRPSOHWHDEVHQFHRIUHDOZRUOG&RPPRQ
GHVFULSWLRQRIWKHWHUPLVWKDW95LVWKHSURFHVVLQZKLFKLVWKHXVHUWRWDOO\LPPHUVHGLQDFRPSXWHUJHQHUDWHGZRUOG
>@$FFRUGLQJWRWKHEURDGHUGHILQLWLRQ$5LVDFRQFHSWLQWHUOLQNLQJYLUWXDODQGUHDOZRUOG,WLVWKHSURFHVVLQZKLFK
WKHYLUWXDOLQIRUPDWLRQLVWUXO\LQFRUSRUDWHGZLWKDUHDOZRUOGWKURXJKLWVSODFHPHQW>@7KHFUXFLDOGLIIHUHQFHEHWZHHQ
$5DQG95LVWKDW$5LQFRQWUDVWWR95GRHVQRWDEVWUDFWFRPSOHWHO\IURPWKHSK\VLFDOZRUOGYLUWXDOREMHFWVLQWHUDFW
ZLWKWKHSK\VLFDOZRUOGDQGDUHSODFHGLQWRWKHFRQWH[WRIUHDOZRUOG)XUWKHUPRUH$5LVOHVVLQYDVLYHDVLWLVEDVHG
RQUHDOSK\VLFDOODZVZKLFKGRHVQRWKDYHWREHWKHFDVHLQ95>@


)LJ'LDJUDPUHSUHVHQWVWKHOHYHOVRIKXPDQSHUFHSWLRQ>@
1RZDGD\VVWURQJLQIOXHQFHRI WHFKQRORJLFDOGHYHORSPHQW LQDOODUHDVRIVFLHQFHDQGDUWVDUFKLWHFWXUHFDQEH
REVHUYHG7KHUHIRUHLWLVQRWVXUSULVLQJWKDWVRPHRIWKHFRQWHPSRUDU\WRSLFVLQDUFKLWHFWXUDOGLVFRXUVHSDUWLFXODUO\
LQ WKH FRQWH[W RI FXWWLQJ HGJH WHFKQRORJLHV DUH FORVHO\ UHODWHG WR WHFKQRORJ\ )DEULFDWLRQ RI DUFKLWHFWXUH FDQ
PDWHULDOL]HLQWKHUHDOZRUOGWKURXJKWKHFRPSOH[PHFKDQLFDOV\VWHPVRULQWKHYLUWXDOZRUOG
7HFKQRORJLFDO SURJUHVV HUDVHV WKH ERUGHUV EHWZHHQ UHDOLW\ DQG YLUWXDO UHDOLW\ 3HUFHSWLRQ RI WKH ZRUOG FDQ EH
PDQLSXODWHG WKURXJK WKH WHFKQRORJ\ 9DULRXV LOOXVLRQV FDQ EH IDEULFDWHG LQ WKH UHDO ZRUOG WKURXJK WKH SK\VLFDO
LQVWDOODWLRQVRULQWKHPL[HGUHDOLW\1HZPL[HGUHDOLW\GHYLFHVDUHFRPLQJWRWKHFRPPHUFLDOPDUNHWDQGHQDEOHPRUH
G\QDPLFDQGUHDOLVWLFSHUFHSWLRQRIWKHFRPSXWHUGHVLJQHGZRUOG0L[HGUHDOLW\LVFKDQJLQJDQGHQKDQFLQJPDQ¶V
YLVLRQ ZLWK YLUWXDO FRQWHQW 0RUHRYHU WKH H[LVWHQFH RI WKLV WHFKQRORJ\ KDV DQ DELOLW\ WR WUDQVIRUP GHVLJQ DQG
SUHVHQWDWLRQDOSURFHVVHVLQWKHILHOGRIDUFKLWHFWXUH

3.1. Game development engines 
&XUUHQWGHYHORSPHQWLQ$5DQG95LVPDLQO\GULYHQE\JDPHVLQGXVWU\*DPHLQGXVWU\LVFXUUHQWO\ELJJHUWKDQ
PXVLFRUPRYLHLQGXVWU\LQPDQ\ZD\V1RZDGD\VZHFDQREVHUYHWKHULVHRIWKHDOUHDG\HVWDEOLVKHGJDPHHQJLQHV
VXFKDV8QLW\8QUHDO$QYLORU&U\HQJLQH7KH\DUHFRPPRQWRROVIRUJDPHGHYHORSPHQWRURWKHUDSSOLFDWLRQ
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
)LJ(GXFDWLRQDOSRO\JRQPDQDJLQJWHDPLQG\QDPLFPRGHORILQWHUGLVFLSOLQDU\FRRSHUDWLRQLQWKHSURFHVVRIPDLQWHQDQFHRILQGXVWULDO
KHULWDJHE\$5DQG95$UFKLWHFWVDUHFRQIURQWHGZLWKG\QDPLFFRPSOH[V\VWHPVRIFKDQJLQJSUREOHPVWKDWLQWHUDFWZLWKHDFKRWKHU>@

7KHVH HQJLQHV DOUHDG\ FRQWDLQ YDULRXV SUHVHWV DQG HIIHFWLYH DQLPDWLRQ DQG DFWLRQ KDQGOLQJ SURYLGLQJ FRGH
LQWHUSUHWHUV 8QLW\RUEOXHSULQWZRUNVSDFHV 8QUHDOZLWKSRVVLELOLW\ WRSURJUDPFXVWRPIHDWXUHV7KHVHTXDOLWLHV
PDNH WKHP HDV\ WR XVH IRU EHJLQQHUV DQG FRQWULEXWH WR D ODUJH VXSSRUW RI FXVWRP SUHVHWV SOXJLQV 8QUHDO RU
LQWHUFRQQHFWLRQVZLWKPXOWLSOHWRROV8QLW\
&DSDFLW\RI FUHDWLQJSKRWRUHDOLVWLF VFHQHV LQJDPHHQJLQHVSOD\VZKLFK LV DQ LPSRUWDQW DGYDQFH LQGHVLJQRI
DSSOLFDWLRQVLQYLUWXDODQGPL[HGUHDOLW\7KDWPHDQVWKHE\GLUHFWFRQYHUVLRQRIGLJLWDOFRQWHQWSUHSDUHGLQHQJLQHWR
IRUPDWZLWKFRPSDWLEOHGHYLFHVYLDEXLOW LQSOXJLQH[WHQVLRQV LVSRVVLEOHHDV\DFFHVV WR WKHKLJKHQG WHFKQRORJ\
HQDEOHVQHZSRWHQWLDOVWRZLGHUUDQJHRIXVHUVLQFUHDWLQJQHZFRQWHQWIRUYLUWXDOUHDOLW\

3.2. Processing method of presented content for VR  
7KHUHDUHFKHFNSRLQWVZLWKSRVVLELOLW\WRXVHYLUWXDOUHDOLW\95GHYLFHLQSUHVHQWHGVSDFH)URPWKLVSRVLWLRQD
XVHULVDEOHWRVHHDQDWPRVSKHUHRIFKDUDFWHULVWLFWLPHSHULRGGHVLJQRIVSDFHDQGLWVRULJLQDOH[SORLWDWLRQLQSKRWR
UHDOLVWLFTXDOLW\DORQJZLWKDQLPDWLRQVDQGVRXQG LQ UHDO WLPH7KHVFHQHDQGSUHVHQWHGREMHFWVZHUHSUHSDUHG LQ
8QUHDOHQJLQHZKLFKSURYLGHVSKRWRUHDOLVWLFLPDJHZLWKKLJKTXDOLW\WH[WXUHVDQGOLJKWLQJDQGLVVXLWDEOHIRUFKRVHQ
GHYLFH2FXOXV5LIW+7&9LYH&\EHULWK9LUWXL[RPQLHWF





)LJ7KHUHVXOWVRI'VFDQDQGYLUWXDOSUHVHQWDWLRQLQ8QUHDOHQJLQH'0RGHO%$7HQJLQHHULQJ'VFDQPHDVXUHRILQGXVWULDO
HQJLQH8QUHDOYLVXDOL]DWLRQV9LUiJ23URMHFWRIUHFRQVWUXFWLRQRI2OG3RZHU3ODQW3LHVWDQ\*DQREMDN+DLQ3DãNR=DFKDURYi
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$QRWKHU LPSRUWDQW IDFWRU RI VSDFH RULHQWDWLRQ RI XVHU DQG WUXWKIXO VSDWLDO LOOXVLRQ LQ9LUWXDO UHDOLW\ LV VRXQG
7KHUHIRUH HTXLYDOHQW PDFKLQHV IURP DSSURSULDWH WLPH SHULRG ZHUH UHFRUGHG DQG V\QFKURQLVHG ZLWK DQLPDWLRQV
&RQVHTXHQWO\WKH\ZHUHSODFHGLQPRGHOOHGVFHQHDVVRXQGJHQHUDWRUVWRFUHDWHVSDWLDOVRXQGVLPXODWLRQ
,QFDVHVWXG\WKHUHFRQVWUXFWLRQRIROG3RZHUSODQWLQFLW\3LHVWDQ\KDVEHHQGHYHORSHGWKHILUVWZDONWKURXJK
YLUWXDOUHDOLW\LQWKHDWPRVSKHUHIURP'PRGHOGHVLJQHGDFFRUGLQJWRH[DFWKLVWRULFDODUFKLYDOGRFXPHQWVDQG
DXWKRU
V LGHDRISUHVHQWLQJ WKLV LQGXVWULDOKHULWDJHE\YLUWXDO UHDOLW\0LFKDO*DQREMDN9ODGLPLU+DLQKDVVWDUWHG
WKDQNVWRWKHFRRSHUDWLRQRI%$7(QJLQHHULQJ0DUWLQ7DNiþ'PRGHODQGDWHDPRIJUDSKLFGHVLJQHUV2QGUHM
9LUiJ7RPiãDQG/XNiã+iMHN'VFDQDQGPDSSLQJ9LUWXDOUHDOLW\SUHVHQWDWLRQRIWKHGHIXQFWLQGXVWULDOKHULWDJH
ZDVLQWURGXFHGLQ WKHGHPRYHUVLRQFRQGXFWHGLQRFFDVLRQRI WKHDQQLYHUVDU\RI WKHRULJLQDOREMHFW
 7KLV QHZ NLQG RI HGXFDWLRQDO WRRO EDVHG RQ LQWHUGLVFLSOLQDU\ FROODERUDWLRQ EHWZHHQ DUFKLWHFWV DQG ORFDO
VWDNHKROGHUVVKRXOGEHFRPHDSHUPDQHQWSDUWRIWKHH[KLELWLRQLQWKHSRZHU3LHVWDQ\LQRUGHUWRSUHVHQWWKHKLVWRU\RI
WKLV QDWLRQDO FXOWXUDOKHULWDJH WR DOO YLVLWRUV >@)RU WKLV SURMHFWZDVFKRVHQ DYDLODEOH2FXOXV5LIW GHYLFHV'.
GHYHORSPHQWNLWYHUVLRQ7KH&5FXVWRPHUUHOHDVHYHUVLRQLVKLJKHQGGHYLFHZLWKDGYDQFHGWUDFNLQJRIKHDGVHW
PRWLRQDSSURSULDWHIRULQWHQGHGSUHVHQWDWLRQSXUSRVHV
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)LJ7KHUHVXOWVRIYLUWXDOSUHVHQWDWLRQE\2FXOXV5LIWGHYLFHV'.YHUVLRQLQWKH2OG3RZHU3ODQW3LHVWDQ\IRWR-âWHIiQLN
,QFRPSDULVRQWR$XJPHQWHGUHDOLW\$5WKHUHLVDZKROHVFHQHDQGEDFNJURXQGQHHGHGWREHSUHSDUHGLQ9LUWXDO
UHDOLW\)RUWKLVSXUSRVHWKHUHDUHVHYHUDOWHFKQLTXHVRIKRZWRKDQGOHVSDWLDOLQIRUPDWLRQ,WLVSRVVLEOHWR'VFDQ
WKH VSDFH RUPHDVXUH LW ZLWK URXWLQH WHFKQLTXHV DQG WR FRPSDUH LW ZLWK VXLWDEOH KLVWRULFDO GRFXPHQWDWLRQ 7KHQ
DFFRUGLQJO\WRPRGHOLQIRUPRIDGLJLWDOPHVK,QGLYLGXDOFKDUDFWHULVWLFVXUIDFHVQHHGWREHSKRWRJUDSKHGWRFUHDWH
WH[WXUHVZLWKDSSURSULDWHTXDOLWLHVDVFRORXUUHIOHFWLRQVVWUXFWXUHHWF)RUXQSUHVHUYHGVXUIDFHVLWLVSRVVLEOHWRXVH
UHWRXFKHGWHFKQLTXHVRUUHSODFHWKHPZLWKHTXLYDOHQWWH[WXUHVIURPVLPLODUVSDFHV$QHVVHQWLDOHOHPHQWLQ9LUWXDO
UHDOLW\LVOLJKWLQJRIWKHVFHQHZKLFKLQIOXHQFHVDZKROHDWPRVSKHUHRIWKHVSDFH,QFDVHRIQDWXUDOOLJKWLQJLWLVRIWHQ
GLVWLQFWLRQ EHWZHHQ SUHVHQWHG VFHQH DQG DFWXDO UHDOLW\ZKLFK LV FDXVHG E\PDQ\ IDFWRUV DQG FDQQRW EH GHFHQWO\
SUHGLFWHG+RZHYHUWRGD\¶VHQJLQHVDOUHDG\DOORZYHU\SUHFLVHVLPXODWLRQRIWKHVN\DQGWKHVXQ

5HVXOWVDQG'LVFXVVLRQV

3UHVHQWHGPDFKLQHVZHUHPRGHOOHGDFFRUGLQJWRH[LVWLQJGRFXPHQWDWLRQDQGFRUUHVSRQGWRUHPDLQLQJDGHTXDWH
REMHFWVLQGLIIHUHQWORFDOLWLHV2QWKLVEDVHWKH\ZHUHIXOO\DQLPDWHGZLWKDGMDFHQWHIIHFWVDVVWHDPHWF9LUWXDOUHDOLW\
VXGGHQO\ EHFDPH DQ LQWHUHVWLQJ RSWLRQ IRU UHSUHVHQWDWLRQ RI REMHFWV ZLWKLQ FRQWHPSRUDU\ LQGXVWULDO KHULWDJH
FRQVHUYDWLRQ2EMHFWVDUHH[KLELWHGLQYLUWXDOUHDOLW\DQGWKHDVSHFWRILQWHUDFWLYLW\SURGXFHVJUHDWHULPSUHVVLRQIRU
XVHUV,WLVDSSDUHQWWKDWYLUWXDOUHDOLW\FUHDWHVRSSRUWXQLW\WRUHGLVFRYHUKLVWRU\LQDQHZDQGH[FLWLQJZD\
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&RQFOXVLRQV
7KHSULQFLSOHRILQWHUGLVFLSOLQDU\FRRSHUDWLRQLVQRWRQO\V\QHUJLVWLFHOHPHQWLQDFRPSOH[VFKHPHRIRUJDQL]HG
GHVLJQSURFHVVEXWDOVRDNH\HGXFDWLRQDOHOHPHQWLQWKHSURWHFWLRQRIORFDOLQGXVWULDOKHULWDJH,WLVSRVVLEOHWRHPEHG
LQWHUDFWLYHYLUWXDOSDUWV LQ WUDGLWLRQDO LQWHUSUHWDWLRQZLWKSRVVLELOLW\ WRFRQWURO WKHDQLPDWLRQVE\IRFXVLQJYLHZRQ
VSHFLILFREMHFWV7KHVH LQWHUDFWLRQVXQGHUOLH JLYHQ DFWXDWLRQ ORJLF LQZKLFKZH FDQ VHW HYHQ FRPSOHWH FKDQJHRI
SUHVHQWHGVFHQHRUREMHFWV7KDWFDQEHIRUSUHVHQWDWLRQRILQGXVWULDOKHULWDJHDQGIRUDUFKLWHFWYHU\XVHIXODQGHIIHFWLYH
WRRO+RZHYHUVXFFHVVIXODSSOLFDWLRQRI WKHYLUWXDOUHDOLW\SULQFLSOH LQSUDFWLFHZLOOQRWDOZD\VGHSHQGRQO\IURP
DUFKLWHFWVEXWDOVRIURPWKHLUSDUWQHUVDQGORFDOVWDNHKROGHUV
$FNQRZOHGJHPHQWV
7KLVDUWLFOHLVWKHRXWSXWRIWKHSURMHFW)$678WKHSLORWSURMHFWRILQIRUPDOLQWHUDFWLYHOHDUQLQJDSSURDFKLQJ
WKHLVVXHRIWHFKQLFDOILHOGVLQ6ORYDNLD
5HIHUHQFHV
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